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ABSTRACT 


Suspensions  of  Serratia  smrcescens  (ATCC  strain  14041)  in  water  were 
aerosolized  in  a  rotating  drum  in  the  presence  of  various  concentrations 
of  oxygen.  Colony- forming  ability  of  aerosolized  organlssm  was  rapidly 
destroyed  by  contact  with  0.251  or  more  oxygen  at  401  relative  humidity 
and  25  C,  but  was  almost  unimpaired  for  at  least  5  hours  In  nitrogen  con¬ 
taining  not  as>re  than  10  ppm  oxygen.  Completely  hydrated  organisms  were 
insensitive  to  oxygen  st  pressures  up  to  100  pounds  per  square  Inch  for 
four  hours.  Mo  loss  in  visbility  occurred  in  aerosols  of  washed  cells 
in  air  st  971  relative  homidit-y.  It:  la  proposed  that  dehydratluo  of  the 
aerosolized  cell  results  in  sensitization  to  lethal  effects  of  oxygen 
but  is  not  the  primary  cause  of  death.  Hn"*^,  glycerol,  and  thiourea 

enhanced  the  biological  stability  of  aerosols  in  air.  Numerous  slmllarlcles 
between  the  effects  of  oxygen  in  this  system  and  in  systems  using  lyophllized 
or  Irtsdlsted  organisms  or  cell-free  enzymes  support  the  hypothesis  that 
closely  rslsted  mechsnlssw  are  involved. 
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I.  xMraopucnoM 


Dunklin  and  Puck,  observing  that  the  death  rate  of  airborne  bacteria 
varies  with  relative  himidity  (Sfi),  suggested  that  the  sensitivity  of 
nlcroorgsaisas  to  ^oxlc  agents  increased  at  a  critical  degree  of  cellular 
dehydration.  Webb  attributed  lethal  effects  in  the  aerosol  to  collapse 
of  protein  structures  upon  dehydration  and  later  stated^  that  additives 
capable  of  replacing  ^ellular  water  Increased  the  survival  of  aerosolized 
bacteria.  ZlisfirsiiH,  however,  proposed  that  nonperweable  carbohydrates 
enhance  stability  through  a  plasaiolytic  dehydration  of  the  organism. 

The  tacit  assuaption,  in  most  of  this  work,  has  been  that  dehydration, 
per  se,  causes  the  death  of  the  cell  by  disrupting  vital  structures,  con- 
centratii^  toxic  isaterlal,  or  lid>alaacing  metabolic  activity.  Mosl:  and 
HeCaffrej'  showed  that  the  death  rate  of  rehydrated  Serratta  marcescens 
is  asxiaml  at  a  water  content  of  331,  but  remarked  that  effects  of  O2  on 
the  deeth  rate  had  not  been  determined.^  In  this  laboratory,  studies  of 
the  effects  of  ascorbic  acid  on  aerosolized  marcescens  suggested  chat 
interaction  between  the  cells  and  atmospheric  O2  might  contribute  to  the 
deeth  of  the  cells.  Preliminary  experiments  Indicated  chat,  when  S^. 
Mifccacecs  was  aeroscllzed  into  aj.r  diluted  with  nitrogen,  the  derth 
rate  increased  with  Og  concentration.  The  work  described  here  was 
undertaksn  to  test  the  possibility  that  drying  sensitizes  organisms 
to  lethal  effects  of  O2,  but  is  not  the  direct  cause  of  death  of  aero- 
sollsed  marcescens. 


>■' 


II.  MATERIALS  AND  msISms 


£•  g»rce8cen«  (Fort  Detrick,  strain  SUK,  AICC  strain  14041)  ■was  gr.r“i 
and  stored  as  frosen  pellets  by  a  method  already  described.”  Rortfnely^ 
the  thasred ■  pellets  were -aa shed  three  ti-iKJs  t,Tith  distilled  water,  dilute! 
to  20  X  10  viable  cells  per  ml,  shaken  tor  3  hours  at  30  C,  ari  stored 
at  4  G.  Iflicii  unwashed  cells  were  required,  pallets  were  thawed  and 
diluted  in  water  only.  Thoroughly  ^^ashed,  heat -shocked  Batillts  subtills 
var.  niger  spores  were  added  to  the  suspensions  imsediately  before  cisser-a-' 
nation  to  achieve  a  final  concentration  of  2.0  x  10®  viable  spores  per  rJ.. 

Sairples  for  marcescens  assays  were  diluted  in  gel  saline  solution 
*^0.85%  NaCl,  0.1%  Bacto  gelatin)  with  0,005%  potassium  tellurite  added  to 
prevent  growth  of  S.  aarcescens  in  the  spore  assays.  Viable  call  pop^jla- 
tiems  were  determined  by  the  standard  surface  plating  technique  on  peptcr.e 
agar,  using  six  plates  per  assay, 

E,  subtills  spores  showed  complete  biological  stability  in  the  aerosol 
regardless  of  RH  or  ambient  gas  ccmpositioil.  Therefore,  the  n’umber  of 
spores  recovered  from  the  aerosol  Indicated  the  maximum  viable  cell 
reecTv-ary  'Ho)  to  be  sxpacted  for  £.  marcesegns  in'  the  same  aerosol. 
Differences  in  control  coixnts  were  corrected  by  the  formula 

^o  * 

w.cere  Cg^  and  Ggg  are  the  viable  cell  populations  of  marcescens  and 
d,  subtlTls,  respectively,  in  raaerosolized  controls,  and  Hpg  is  the  nut±e- 
©f  viable  spores  recovered  from  the  aerosol.  Data  are  reported  as  the  ratio 
^/^'o,  where  N  Is  the  nuirijer  of  viable  marcescens  cells  reocn^ered  from 
the  aerosol.  This  method  of  calculating  recovery  minimized  x’arlables 
associated  with  dia semination  and  collection  procedures  and  physiral  fall¬ 
out  irom  the  aerosol  (app/roxiaately  0.8%  per  min  linear  dec-.ay  rate) 

Although  appreciable  batch-to-batch  variation  in  absolute  viable  ..-11 
recovery  levels  was  observed,  a  uniform  data  pattern  was  obtai-ih  In 
three  sets  of  trials.  This  pattern  is  best  illvstratei  by  the  data  trem 
one  typical  set  of  trials,  which  are  presented  belc<s-. 


Aerosols  were  generated  in  a  86.6-liter  stainless  steel  dvrir. 

S.Z  5  rpm,  Tae  BE  was  measured  before  and  after  aerosol  iisserrinat 
a-  electric  hygrometer  element*  held  at  tne  center  of  the  drum,  ■%: 
was  shielded  from  the  aerosol  except  during  the  time  required  te  zi 
ings.  When  the  atmosphere  was  to  contain  oxygen  at  a  pzeselc:-,ed  : 
tlon,  the  system  was  flushed  for  at  least  30  minutes  with  gas  of 


hy trodynamicE ,  Ine,,  Silver  Spring,  Md, 


abcu' 
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desired  flnsl  conpowltloa.  Tward  the  end  o£  this  period,  either  N2  01  air 
was  added  until  the  oocygen  analyser*  indicated  the  proper  oocygen  concentra¬ 
tion.  No  difference  in  results  was  observed  when  tank  oxygen  or  tank  air 
(breathing  quality)  was  substituted  for  the  laboratory  supply  or  when  argon 
was  substituted  for  nitrogen.  The  KH  was  adjusted  during  the  final  stages 
of  this  procedure  by  passing  the  gas  through  either  Drierlte  or  water  until 
an  RH  51  lower  than  the  preselected  value  waa  attained.  Addition  of  aerosol 
to  the  systesi  changed  both  the  IH  and  gas  coapositlon,  so  final  values  were 
detenalned  after  the  aerosol  had  equilibrated  for  2  minutes. 

When  0K>^en-free  conditions  were  sought,  the  apparatus  was  evacuated 
to  about  10~^  torr  with  a  two -stage  vacuum  pump.  This  pressure  was  main¬ 
tained  for  at  least  30  minutes,  then  sufficient  prepurified  M2**  was  added 
to  bring  the  system  to  atmospheric  preoaure.  Further  purification  cf  M2 
with  pyrogallol-KOH  or  Fies'jr's  reagent*  was  not  acceptable  because  of 
evolution  of  CO  and  H2S  from  the  two  aclutlona,  respectively,  both  of  which 
seriously  affect  the  aerosol  stability  of  S.  marccscena.***  The  pumping 
and  filling  procedure  was  repeated  three  times;  finally,  the  M2  was  passed 
through  degassed  water  until  the  drum  was  filled  with  gas  at  a  positive 
pressure  of  2  cm  Hg  and  at  the  desired  gH. 

Aercaols  vert  disseuii'‘.atcd  for  60  seconds  from  a  Vaponefrln  standard 
nebuliser****  with  a  flow  rate  of  approximately  0.25  gram  of  liquid  in 
5  liters  of  gas  per  min  st  s  driving  pressure  of  400  mm  Hg.  The  driving 
gas  was  either  sir  or  prepurlfiad  M^-,  depcndlog  on  Che  desired  final 
composition  of  the  drum  atmosphere.  The  atomizer  was  inserted  into  a 
large-bore  stopcock  attached  to  the  drum  axle,  permitting  Its  removal 
without  admitting  air  Co  the  system.  In  experlisents  requiring  the  absence 
of  oxygen,  the  atomizer  and  call  suspension  were  degassed  after  insertion 
into  Che  system.  This  procedurs  wes  shown  to  exert  no  effect  on  the 
aerosol  charsetsri sties  in  air,  and,  when  elisdnated  from  the  technique, 
resulted  in  only  s  small  decrease  in  stability  in  nitrogen.  Aerosols 
were  collected  for  30  sec  in  K.S.A.  midget  Impingers**^^  at  a  flcA^  rat? 
of  5  liters  per  min.  The  collection  fluid  ronsfsted  of  5  ml  gel  saline 
with  O.OOlZ  Antlfoaa  A.  The  aerosol  age  was  recorded  as  the  ;  te'  >.  i 
beCvcen  Che  midpoints  of  the  dlssemlnatLon  and  collection  periods. 


♦Model  777,  uecksuin  instinnne-cs,  Inc.,  Follertoi.,  Cali.'. 

**  Hat  he  son  Co.,  Inc.,  East  Rutherford,  N.J.  ;  maxlauis  O2  cone  -  d  ppir.. 
***  Unpublished  dara, 

****  Vaponefrln  Co.,  Edison,  M.J. 

♦  ***'*  Mine  Safety  Appllancea  C~  ,  Pittsburgh  *,  P«  . 
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in.  lESgLTS 


Ratios  botnoa  tho  oua^Me's  of  vla&le  S,.  ■arcoscona  avd  sobtllls 
spaces  collected  froai  aetosels  stored  in  various  concoeC  rat  Ions  of  acyges 
are  shore  In  Tlfpire  1.  Wsaiiesn  survival  of  snrcescens  occurred  at  the 
nl&leua  oKygac  coacantratiou  attained,  and  at  this  point  vas  nearly  equiva¬ 
lent  to  spore  survival.  As  the  oxygea  concentration  was  Increased,  loss 
In  viability  Increased,  so  that  log  V/Ho  ■  h  Log  F/P^  +  C  (Fig.  2).  All 
aerosols  in  this  series  were  generated  fron  suspensions  of  thoroughly 
washed  S,.  enrceacens  free  of  added  solutes.  The  tests  were  perfomed  at 
40%  RH  because  aerosols  of  this  organlsia  routinely  yield  elnlsam  surv'lval 
in  air  at  this  hunidlty. 

Lethal  effects  were  observed  when  O2  vas  added  to  aerosols  originally 
disseninated  into  K2  (Fig*  3) .  Although  only  30Z  loss  in  viability  occurred 
In  nltuogea  for  aa  long  aa  5  houra  (Table  1),  the  addition  of  aa  little  as 
57.  aaygen  resulted  in  et  leaat  80%  loss  of  viability  within  30  nlnutes. 

This  effect  wes  noticed  at  oxygen  coocentrationa  as  lav  as  0.25%  and 
became  greater  as  cxygen  concentration  increased.  The  addition  of  5Z 
oxygen  after  aeroaola  had  been  stored  In  nitrogen  for  up  to  40  min  vas 
selected  as  an  arbitrary  exatnple  of  this  syatex. 

Unwashed,  unshaken  aarcescens  were  wore  sensitive  to  storage  as 
aerosols  in  air  (Table  1)  end  respired  5  to  10  tisws  faster  than  washed, 
shaken  cells.  Stability  in  nitrogen  wea  unlapalled,  however,  indicating 
a  reletiooship  between  respiration  and  sensltiv'.ty  to  oxygen.  This  is 
consistej^t  with  our  earlier  observation,  described  by  Goodlow  and 
Leonard,  that  caiuinns  survival  in  air  la  obtained  with  actively  grew* 
ing  aarcescens. 

Effects  of  several  edditivos  on  Che  stability  of  aerosolized 
smt;  ce scans  are  shown  in  Table  2.  These  coopounde  were  selected  because 
of  their  deawonstraCed  influence  on  the  stability  of  enzyaes  or  organisms 
exposed  to  oxygen  in  other  eystms.  The  concentration  of  ^oxpc-crd 

I’lducin^  opcliSUBi  stability  in  Che  aerosol,  with  no  toxic  effect  on  con- 
ctol  orgauisas,  vas  deteraitied  ewpirlcally.  Cobalt  and  sunganese  ex¬ 
pounds,  «s  wel'  as  glycerol  and  thiourea,  were  protective  for  airberne 
org*T:istRs;  cyeteine,  CuSC^,  and  KgSQ^  were  less  effective,  ':-eCT> Imaleiiai'ic 
'  siy.'  was  slightly  protective  in  the  presence  cf  air  but  Induced  some  se- - 
sitlvity  under  aacaxlc  conditions. 


Survival  of  Aerosol  iced  Washed 
Concent  rat  loo , 


as  MAggyn  AW} 


A^erosol  A^e, 
•Inute* 


UnrashAd  Hashed 


Ihsfsshed  Washed 


0.009 

u,230 

1,0 

l.O 

0,0007 

0.040 

0.92 

0.9 

0.0001 

0.024 

0.90 

0.9 

Too  low  to 

0.72 

0.7 

Too  lav  to 


Suspensions  conta|nad  20  x  10  S.  mrcescent  cells 
per  ml  and  2  x  10  subttlls  var.,  nlger  spores  per 
ul.  All  «ei;osuL3  generated  at  40^  HH;  25  C. 

Ratio  of  S.  aarcescens  to  subtilts  spores  In  the 
saaa  aerosol,  corrected  for  differences  in  control 
counts. 


Aerosols  of  S.  mree scene  In  air  or  nitrogen  were  collected,  concen¬ 
trated  by  centrlfugatliKi,  and  Incubated  in  Bacto  nutrient  broth  at  30  C . 
’Jnecroaolised  control#  Indicated  that  this  organlssi  Is  0.5  to  0.75  laicron 
In  length  in  the  rasClng  state  and  nonally  divides  before  a  aaxinium 
length  of  5  microns  is  attained  in  log-phase  cultures.  Celle  in  'uUvres 
generated  from  air  aerosols,  however,  shewed  three  distinctly  dltiercni 
morphologies  after  Che  leg  phase  bad  ended.  A  nuaher  of  orgaalemfi, 
roughly  corresponding  to  the  expected  viable  population,  elongntf-'  a-d 
divided  normally.  A  second  group,  presuaably  dead  cells,  did  not  change 
in  sixe,  end  gradually  lost  optical  density  as  Incubation  progressed.  T*' 
remaining  cells  v*re  unusua',  however,  in  chat  they  elongated  without 
signs  of  division,  attaining  lengths  of  15  to  30  microns.  Several  of 
these  glent  cells  were  observed  to  burst  under  the  ptiasc  microscope. 


X^L£  2 


.  SFFSCTS  OS  VA£IOUS  COK^OUlUiS  CB  SUKTIVAL 

at  AOfisoLizKD  £. 


Compound 

Coacentration, 

«olcs/liter 

Aarosol  Aee.  vinutes 
4  18  32 

None  (Air  977  211) 

- 

1.07 

1.03 

1.00 

None  (Air  401  BH) 

- 

0.23 

0.04 

0.02 

None  (N2) 

- 

l.OO 

0.95 

0.90 

MnSO^ 

5  X 

10"* 

0.77 

0.51 

0.48 

MnCl2 

3  X 

10"* 

0.47 

0.37 

0.34 

Ka'N03)2 

2  X 

10"* 

0.41 

0.35 

0.19 

HgSO/, 

2  X 

10"* 

0.28 

O.ll 

0.C7 

2oC  I2 

2  X 

0.52 

0.22 

0.13 

Nad 

8  X 

10"® 

0,06 

0.03 

O.Ol 

CUSO4 

2.5 

X  10"*  i'' 

0.20 

0.04 

0.C3 

'ilycerol 

1  X 

10"® 

0.47 

0.28 

0.18 

Thiourea 

1  X 

10"* 

0.4-* 

0.25 

0.21 

'ysteine  Kd— ^ 

5  X 

10“® 

0.26 

0.13 

0.06 

b -echylnaleiiaide  (air) 

1  X 

0,20 

0.07 

0 .  f; 

N~eth>  IsaleiOLide  (N2) 

1  X 

10"*-^ 

0.75 

0..'. 

:.-^3 

a.  S'-speaslons  concdaed  20  x  10  marceacfer.s  ceLld  per  si  ard 
2  X  10*  Bubtilla  var.  Tilfcer  sporei  per  ■!.  All  aerosols 
were  generated  in  air  at  40%  SH,  23  C  except  as  noted. 

b.  Ratio  of  S.  sMireeacens  to  B.  subttlla  spores  In  the  same 
aerosol,  ooT-rected  for  differences  in  cor.trol  count i  . 

c.  brought  to  pK  7.0  with  SaOt. 

d.  v.lgher  concf-r.traricr.a  were  toxic  cor.tTol  eutpenslor.s. 
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Expttrfjwata  mr*  t«r£«md  co  MtcxmLnc  ta«  MaalClvlby  of  oua^lvtsly 
hydratod  awrcaacana  to  02>  IWo-mI  portion*  of  c«Li  suopwolons  contain¬ 
ing  20  z  LOP  vlabla  call*  par  ml  war*  atorad  under  O2  at  praaauraa  fron 
15  to  100  pound*  p«r  aquar*  Inch  for  4  houra  at  25  C.  Both  a  atatlc  ayataa 
and  on*  in  which  gaa  contlnuoualy  hubblnd  through  the  auapanaiona  were  uaed. 
bo  change  in  viability  waa  obaenred,  coai^red  with  controLa  under  B?*  hero- 
sols  diaseninated  at  97X  BH  retained  viability  fur  at  least  32  nin  (Table  2) 
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lo  ittfotmtlOKi  is  •vailabl*  on  cIm  aatcont  of  dohywntlon  occurring  In 
Mronoliaw!  «Mb«d  ■IcroorsnnlMMi,  but  antoin  ct  ni.  °  doncrlbod  cbaxigaK 
in  wntnr  conCoat  of  l^phLllsod  £.  —rcooconn  m  a  functloo  of 
vapor  praaaura.  Although  aoaa  hyatoroaia  la  apparant,  aaaantlally  the 
aaaia  curvaa  ara  ahoim  for  water  aorptloo  and  daaorptlon  at  20  C.  Approal- 
•acaly  831  of  the  original  weight  of  aorbad  water  waa  loat  fron 
■arcaacaaa  equilibrated  at  401  IH,  but  only  lOX  or  laaa  waa  loat  at 
97X  Bfi.  It  la  aaauaaad  that  a  alnllar  ralatlonahlp  between  water  Loaa 
and  BH  eslata  in  the  aeroaola  deacrlbid  here. 


Aeroaollaed  a»rceacena  eella  rapidly  becoaa  non -viable  in  the 
preaence  of  O2  nt  40X  BH,  but  not  at  97X  BH.  Siadlar  aaroeola  are  net 
Inactivatad  in  H2  nt  either  BH.  Evidently  aoaa  wate:.  loaa  iron  the 
organian  nuat  occur  before  Lethal  interaction  with  O2  becnawa  poaalblc. 
Furthemorc,  it  appeera  that  d^ydratlon  of  aeroaollaed  nnreaacena 
la  not  itaclf  the  prlwary  cauee  of  the  death  of  the  organlaa,  Studlea 
of  the  effecta  of  O2  on  aaroaollaad  aicroorgaulaiM  have  apparently  not 
been  reported  previously.  Effects  of  O2  In  other  biological  ayatena  are 
well  known  and  arc  ■antioned  below  aa  a  poailble  guldalina  for  future 
Inveatlgatlona  Into  the  basic  nechanlaw  Involved  In  oxygen  tonicity  in 
the  aerosol. 


Stadia,  Biggs,  and  Haugaard^^  revlawed  the  early  literature  describ¬ 
ing  effects  of  O2  ou  enayaatlc  syataaa.  They  suggested  that  O2  at  ordinary 
preaauras  acta  as  an  oKldlelng  agent  to  produce  anxysMtlc  inhibitions. 

A  toxic  action  of  O2  on  glucoea  and  p^uvate  oKl^tion  in  a  cell-free 
■ulciensyne  ayeton  has  been  observed.*  Barron  noted  that  pyruvic 
aKldaae  fron  gonococci  is  inactivated  by  exposure  to  gaseous 


Slckens^^  showed  that  brain  tiaaua  rasplracLon  was  Inhibited  by  0^ 
and  that  Co"*^,  Mg"*^,  and  Cu"*^,  In  that  order,  decreased  the  extent 

of  inhibition.  He  also  observed  that  Mn'*^,  Co'^,  and  Mg*^  enbnuce  pyruvic 
oxidase  activity  and  suggested  Chat  the  prlnary  effect  in  oxygen  poison¬ 
ing  of  bralu  tissue  nay  be  through  inhibition  of  this  aystea.  A'.  i<  itcr- 
nate  explanation  of  the  protective  effects  of  ai»d  Mn'*~*‘  stay  be  derived 

from  the  work  of  Gilbert,  ct  al.,  wfco  reported  chat  these  Ions  decreased 
the  net  foraatior.  of  H'02  glutathione  sulutiona  exposed  to  high  O2 
pressures.  Uhether  cither  of  these  tBcchaalsaut  exists  rn  aerosolized 
bacteria  is  not  known,  but  It  is  Interesting  that  relatively  Ifw  concen¬ 
trations  of  Co“^,  Ho'"  tend  to  stabilise  airborne  s»rcesce  is  (Table  2). 
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aolLsttd  and  lyopbllisad  j^.  aBTcaacana  hav«  bacn  obtalmd  In  this  labora¬ 
tory,  and  am  balng  inraparad  for  fubllcatlon.  Contact  batwaan  O2  and 
lyophlllaad  X*  raaulta  in  tha  daath  of  tha  calla^*  and  tba  foraation 

of  fraa  radicals,''^*  Ho  nathod  la  aval  labia  at  preaant  to  collect 
sufflclant  aaroaoLiaad  organiaMi  aftar  daflnad  condltiona  of  contact 
with  O2  for  fraa  radical  datacalnatlona.  Attaapta  to  dataralna  whether 
changes  occur  in  nieotluanida  adantne  dlnuclaotldc  (HADH)  OKldaae  activity 
In  alrbotna  bacteria  have  baan  unanccaasful,  but  Lion  and  Avi-Oor^*  have 
sbawn  that  HASH  ocldaaa  activity  is  iidilbitad  in  lyophillsad  E.  coll  after 
expoaura  to  02* 


So 

Tallantira,  Dickanaon,  and  Collatt  found  that  gaauna- irradiated 
Bad  Hub  neaatcriun  aporaa  waxa  inactivated  at  tha  naaiwun  rate  when  in 
equllibriun  with  water  vapor  at  a  praaaure  corresponding  to  401  lH. 
AeroaoLlaed  S.  warcaaceoa  calls  are  particularly  unstable  In  air  at 
Lhli  RH.  Lethal  affacta  of  O2  on  irradiated  organisna  arc  veil  kncwa^ 
and  Powara,  Webb,  and  Ehrat  *  auggaatad  that  reacMontt  batween  free  red!- 
call  and  O2  in  Irradlatad  dry  aporcs  raaulced  in  toxicity.  Thiourea  and 
cysteine  protect  against  radiacion-inducad  jijitation  end  itisctivatlon  of 
E.  coll  through  procesaaa  not  involving  O2.  Thiourea,  an  excellent 
aeiuoul  bcaoillaec,  prctKct  ^.yophiliced  E.  cjH  against  O2  damage,'^ 

but  cysteine  is  less  effective  in  both  systems. 


Clyc|ro^^  in  a  class  with  thiourea  and  cysteine  in  irradiation 
studies,  **  is  an  efficient  aerosol  stabiliser,  but  It  is  possible  that 
this  occurs  because  of  effects  on  the  loss  of  water  froot  airborne  organisms 
.)evey,  *  however,  noted  that  glycerol  suiy  act  as  a  radical  scavenger  in 
irradiated  sssrcescens.  The  effects  of  HEM  on^|ttrosolized  S.  narcescens 
are  consistsnt  with  the  result»  noted  by  Bridges^*  and  Dewey using 
irradiated  cells,  in  that  sansitlsacion  occurred  under  anemic  c^>ndltlnn8 
in  both  systems,  but  sll^t  protection  was  observed  in  the  presence  cl  0  . 

^  0 

'erschmsa,  «t  al .  noted  that  decreased  swtabolisn  has  e  rivr 

eftect  in  O2  poisoning  and  possibly  in  X-irradiatlon  systems  als.  . 
vonduded  that  incmased  Hicabollsm  sd.ghc  result  in  en  increased  p* 'due cl  on 
of  free  radicals  and  thouglit  it  not  surprising  chat  varlstio.'.s 
f  Tiiir  ity  with  metabolic  activity  have  been  found.  This  latter  rela^l"-'- 
s.iip  Is  similar  to  that  observed  with  airborne  S,  tsarceseenH . 

Tne  tilamenCcus  growth  of  bacteria  following  X-irradlation,**  ' 

1 : caoiation,*  and  other  treatments  is  veil  docuamnted.  ptlameniojE 
growth  of  S.  marcescens  after  exposure  to  air  and  inc.ibatlon  in  nutrient 
na«  been  noted,  ana  recently  Cox  and  Baldwin**  reported  similar  results 
with  E.  c '  11 .  The  wechaaissi  responsible  for  this  abnormal  gn»tr.  has 
not  neer  Investigated  »lth  airborne  organisma,  b-t  Errera**  sni  rcj'S 
have  proposed  that  DHA  synthesis  is  Inhlbitea  after  irradlct ton  so  t'j' 
■ormal  aivision  does  not  occur. 


At  Treswt,  only  ticcencMi*  hu  b««n  uMd  in  this  study,  but  «£fect« 
of  O2  ****  K’  s«v«rsl  othnr  orgsalsma  srs  boing  invostlgatod  and  will 

ba  prsssntad  latar.  It  la  not  proposed  hers  that  tb*  nacbanlsas  causing 
death  of  irradlatsd,  lyophlllsed,  or  aerosollsed  ocgaalsns  in  the  presence 
of  O2  are  ldsnti|^l,  but  only  that  there  are  suuiy  sladlaritles  among  then. 
lerschsHn  at  al.  ^  hypothesised  a  coeaun  nechanlsa  between  O2  poisoning 
end  the  Initial  effects  of  X-lrradlatlon  In  biological  systens.  I  propose 
that  O2  poisoning  and  death  c  '  airborne  bacteria  nay  be  slnllarly  related. 
The  concept  that  cell  death  In  the  presence  of  O2  in  the  four  syatens  aen- 
tloned  occurs  for  closely  related  reasons  hss  helped  ne  to  explain  and 
predict  the  behavior  of  aerosollsed  g.  nercescens .  This  was  found  to  be 
difficult  or  inpossible  via  the  hypotheals  that  dehydration  alone  caused 
the  death  of  airborne  nlcroorgenlsns. 
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Suspensions  of  Serratla  m  .rcescens  ICATCC  strain  14041)  In  water  were  aerosol¬ 
ized  in  a  rotating  drum  In  the  presence  of  various  concentrations  of  oxygen. 
Colony-forming  ability  of  aerosolized  organises  was  rapidly  destroyed  by  coittact 
with  0.257.  or  more  oxygen  at  40X  relative  humidity  and  23  C,  but  was  aloost 
unimpaired  for  at  least  5  hours  In  nitrogen  containing  not  more  than  10  ppm 
oxygen.  Completely  hydrated  organisms  were  insensitive  to  cmygen  at  pressures 
up  to  100  pounds  per  square  inch  for  four  hours.  No  loss  In  viability  occurred 
In  serosols  of  washed  cells  In  air  at  97%  relative  humidity.  It  Is  proposed 
chat  dehydration  of  the  aerosolized  cell  results  In  sensitization  to  lethal 
effects  of  oxygen  but  is  not  the  primary  cause  of  death.  Co'*'*':,  sl'Terol, 

and  thiourea  enhanced  the  biological  stability  of  aerosols  in  air.  Nuaerou.* 
slai  Isr  it.  iCi  between  the  effects  of  >:niyge'n  In  this  systeia  and  in  systenu-  using 
Ivoobilized  or  irradiatej  organisms  or  cell-free  enzymcB  suppor'  i  he  hypotr.esl .s 
that  closelv  reffted  mechanisms  are  Involved.v 
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